A significant fraction of human Alu repeated sequences are members of the precise, recently inserted class. A cloned member of this class has been used as a probe for interspecies hybridization and thermal stability determination. The probe was reassociated with human, mandrill, and spider monkey DNA under conditions such that only almost perfectly matching duplexes could form. Equally precise hybrids were formed with human and mandrill DNA (Old World monkey) but not with spider monkey DNA (New World). These measurements as well as reassociation kinetics show the presence in mandrill DNA ofmany precise classAlu sequences that are very similar or identical in quantity and sequence to those in human DNA. Human and mandrill are moderately distant species with a single-copy DNA divergence of about 6%. Nevertheless, their recently inserted Alu sequences arise by retroposition of transcripts of source genes with nearly identical sequences. Apparently a gene present in our common ancestor at the time of branching was inherited and highly conserved in sequence in both the lineage of Old World monkeys and the lineage of apes and man.
Since its discovery about 25 years ago (1, 2) little has been learned of the origin of highly repetitive DNA, but a beginning is now being made for the human Alu repeat. Ultimately we may learn why nearly a million Alu repeats have been interspersed throughout the DNA all during the course of primate evolution. The Alu repeat of primate DNA is short [281 nucleotides plus a terminal poly(A) stretch], interspersed about every 4 kilobases (kb) throughout the human genome (3) , and has been inserted in the DNA by retroposition (4) . It is now possible to describe the underlying process as the insertion of DNA copies of RNA transcripts of "source") genes (5) .
The evidence that many Alu sequences are copies of conserved source gene sequences depends primarily on the classification of Alu repeats by their sequence relationship. Initially the Alu repeated sequences were divided on the basis of their degree of divergence from each other (6) into three subsets ("conserved, majority, and divergent") and a new consensus was derived for the sets that are closely similar to each other (6, 7) . Since it is apparently not the set of Alu sequences that is conserved but their source gene we use the term "precise" rather than "conserved" consensus. The precise consensus sequence is probably identical to the sequence of the source gene that is responsible for recent Alu insertions (5) .
By sequence alignment and examination of shared substitutions at a set of diagnostic positions, an improved subdivision of Alu sequences into classes may be made (5, 8, 9) . Although five classes clearly exist, recent studies of >300Alu sequences (unpublished) suggest that six classes or more may ultimately be established. The overlapping pattern of the substitutions shared between classes indicates that there has been an evolutionary series of source genes, each dominating the insertion of Alu repeats for a time and differing from the previous source by a set of mutations. Before the mutations, in almost every case, each of the nucleotides in the set matched those of 7SL RNA (5, 8) . After each group of mutations most of the resulting new nucleotides were preserved right up to the present. In other words, though there are periods when mutations occur at a higher rate, the sources appear to be conserved in sequence during most of the evolutionary time course (5) . In contrast to the sources, Alu repeats once inserted in the genome are not conserved, and most positions in their sequences drift at about the same rate as single-copy DNA (10) (11) (12) or about 0.15% per million years (13) . This contrast is particularly clear for the 25 CpG dinucleotides that are conserved in the source genes. After insertion of Alu sequences, mutations leading to the loss of the CpG dinucleotides occur at 10 times the rate of mutations at other positions (5), apparently as a result of instability due to methylation (14) .
The measurements described here show that mandrill (Old World monkey) DNA (16, 17) . In one case an Alu was found in a clone from the genome of a lymphoma cell line that is absent from 59 other human genomes examined (16) . In a second case an Alu was present in one insert in the Maniatis human DNA library (18) but absent from another insert from the same library containing the homologous region (17) . It has been pointed out that these two sequences share five substitutions that differ from the precise consensus (19) and may have been produced by a new human source gene. No significant combination of any of these five substitutions has been found in a search of >300 Alu sequences from GenBank, so no other members of this potential family have been identified. An example of a transposition of an older (class II) sequence has been observed after severe ultraviolet exposure of tissue culture cells (20) . All three other cases of recent insertion belong to the precise class, including the one described below.
An Alu sequence is present in gorilla DNA (15) Measurement of the Precise Class Alu Sequences by Hybridization. To examine specifically the precise set, hybridization may be done at "high criterion" by incubation at a temperature just below the melting point of precise hybrids. Under these conditions the probe will hybridize only with nearly perfectly matching Alu sequences and fails to hybridize if they are absent. An example is shown in Fig. 2 where the incubation was done 9TC ( Fig. 2A) and 14TC (Fig. 2B ) below the melting temperature (tm) of long perfect duplexes. The results of these measurements show that mandrill (Mandrillus sphinx) DNA contains a set of copies of the Alu repeat that are as close in sequence to the precise consensus as are those in human DNA.
In Fig. 2A , the duplex tm for both is about 90TC as measured by elution from hydroxyapatite, whereas controls (5) show that the native 780-nucleotide-long duplex of this cloned probe melts at 93TC. The tm of DNA duplex is reduced by short fragment length (L) by 500/L (21). The Alu sequence is about 300 nucleotides long and thus the hybrids would be expected to melt about PC lower because of tm reduction due to shorter length. In addition, the probe differs in 6 nucleotide positions from the precise consensus giving another 2°C reduction in tm (1% divergence reduces the tm about 1C). Thus the tm of hybrids with the precise consensus sequence is expected to be 3°C below that of precise long duplexes, exactly as observed for both human and mandrill in Fig. 2A . The data are thus consistent with the presence in human and mandrill DNA of large numbers ofAlu sequences identical to the precise consensus. There is no indication that the precisely hybridizing Alu sequences differ from the precise consensus in either species, but due to uncertainties they could differ 1% or so.
The interspecies divergence of the precise set of Alu sequences may be evaluated by comparing the human and mandrill melting curves of Fig Fig. 2A as a one-half degree difference in tm. As a result each of the temperature fractions in the peak would have differed by 20% or 30% between the two species, which would have been easily detectable. We conclude that the sequence difference between the two species for the precisely hybridizing Alu sequences (<1%) is much less than the average difference for single-copy DNA (about 6%, see below).
In a second measurement (Fig. 2B) (Fig. 2 A and B) . The Interpretation of Conservation of Other Repeat Families. In analogy with Alu source genes, the close interspecies similarity between other families of repeats could possibly be explained by the existence of an unknown gene that is conserved, shared between the species, and responsible for the production of more members of the family of repeats.
Thus neither conservation of the sequences of all of the members of the families of repeats nor horizontal transfer is a necessary explanation. As a result, observations suggesting horizontal transfer of repeats or mobile elements are now more uncertain in their interpretation since conserved source genes will have to be considered as an alternative explanation. The retroposition mechanism has been identified as a source of small numbers of pseudogenes or low-frequency repeated sequences and now must be considered as a primary source of high-frequency repeated sequence families.
Effect (26) . Apparently more than half of Duchenne muscular dystrophy cases are due to deletions in this enormous gene (27 The interspersed Alu sequences are apparently a byproduct of the activity of the source genes, and the number of Alu sequences is the integrated effect of the source gene activity over many tens of millions of years in the past. The rate of deletion and duplication occurring in the primate genome in turn is partially or primarily due to the number of interspersed Alu sequences. Any change in the rate of introduction of Alu sequences would have a long delayed effect on the spacing of the Alu sequences and on the rate of deletion and duplication they cause. The resulting processes may have significant effects on variation and viability. The delay is so great that it is hard to believe that as a process of natural selection these potential defects or advantages could affect the source gene and in turn affect the number of interspersed Alu sequences. Thus the mechanisms are free of natural selection caused by the delayed effects of Alu interspersion. Further, since the Alu sequences can be produced by the source genes independent of the number of Alu sequences (though some copying may occur) the number of Alu sequences is not a primary cause of the production of more copies. It is hard to think of the Alu sequences as parasites or selfish genes if they are not responsible for most of their own production. The peculiarities of the family such as the interspersion of a million copies may be related to the lack of rapid "feedback" through natural selection. Such features of the genome that result from long period integration of a process could cause extinction or, if their contribution to variability, for example, was significant, they might be advantageous.
